Lukášek, M., & Kalichová, M. (2015). Injury risks of heading in young football players. J. Hum. Sport Exerc., 9(Proc1), pp.S490-S499. The aim of the research is to contribute to findings concerning increasingly acute problems connected with heading in football. Unlike most of available studies where heading with adults is dealt with, our study focuses primarily on heading with children. 16 children aged 10, weighing 36.2 ± 4.7 kg took part in the research. Each tested person executed headings of a ball dropped from 0 m (3.13 m/s), 1 m (4.43 m/s) and 1,5 m (5.43 m/s) ie. 3 headings in total. The total number of tests was 48. A triaxial accelerometer (1000 Hz) was used in the measurements. As presumed, with increasing drop-height the head acceleration increased on impact. With drop-height of 0.5 m we recorded 59.4±15.8 m·s-2, with 1 m we measured 76.4±15 m·s-2 and 100.1±25 m·s-2 from 1.5 m. These acceleration values do not pose danger if individual, however, we came to conclusion that repeated impacts, especially those of higher speed, may lead to functional problems of a child's brain.
INTRODUCTION
Lately, many authors stress, besides improving the performance of heading, the issues of health concern in sports. In football, there is an increased concern with ball heading and its influence on brain functions. This specific game feature is a regular part of trainings and matches. As previous studies suggest, the average number of headings during football matches has significantly increased in last twenty years. Studies by Smodlaka (1984) and Sortland and Tysvaer (1989) state that on average rate the footballer uses heading 5-6 times during matches. Later studies raise this number up to 6-12 on average (Levy et al., 2012; Spiotta et al., 2012; Matser et al., 1999) , some suggest even 16 headings an average match . A sum of 10 headings must be added to the average rate, if we include trainings (Rutherford et al., 2003) . A professional football player experiences a median of 800 heading occasions every season (Levy et al., 2012) . Lipton et al. (2013) have discovered a threshold level of approximately 885 to 1550 headings per year, in which exceeding this threshold will cause the fractional anisotropy values to decrease significantly. A conclusion that emerges from this data is that heading poses considerable dynamic strain to the head of a footballer and needs to be examined thoroughly.
These impacts individually do not amount to such level to become a cause of a concussion. This statement may be supported by a fact that with proper technique typical normal heading by adult players generates HIC values less than 0.1% of that required to produce brain injury in a single impact (Babbs, 2001 Rutherford et al. (2003) hypothesized that in football, cumulative effects similar to those described in boxing could occur. Some authors argued that impacts to the head while playing soccer, caused by heading, can be massive enough to lead to mild traumatic brain injury characterized by neck ache, vegetative symptoms or a decline in neuropsychological test performance, and brief changes of consciousness (Rutherford & Stephens, 2007) . Symptoms of mild traumatic brain injury fade away quickly in most cases, nevertheless, long-term repetitive strain may induce permanent health problems (Gronwall & Wrightson, 1975; Rieder & Jansen, 2011) . Neuropsychological literature puts it that permanent mild head injury results in a structural damage that can be detected via neuropsychological tests (Elson & Ward 1994; Goodman, 1994) . Rutherford et al. (2003) mention two causes of cumulative injuries in football. In the first case, there may be a residual effect of concussive injury that increases as the number of such injuries rises, especially when a latter acute injury occurs before the previous one has healed up. The second cause of cumulative head trauma in football are small, subliminal yet frequent impacts that do not cause concussive injuries themselves. They lead to microtraumatic injuries causing chronic brain damage. According to Lynch and Bauer (1996) , injury depends more on the acceleration of the head than on the applied force. Naunheim et al. (2003) specify that high angular acceleration is more threatening than linear acceleration.
The head acceleration during football heading is influenced by number of factors. Comparing novices and adult footballers Kerr & Riches (2004) concluded that differences in neck muscle coordination may be responsible for higher acceleration during heading by novices. A similar conclusion was submitted by Dezman et al. (2013) , ie. the neck strength difference was positively correlated with angular head acceleration (rho = 0.497; P = 0.05), with a trend toward significance for linear head acceleration (rho = 0.485; P = 0.057). Tysvaer & Storli (1981) provide an additional statement that when soccer players are prepared to head the ball and they contact the ball properly, the effects of the impact force are effectively reduced by the musculotendinous structures in the neck. According to Mehnert et al. (2005) it is still not definite how much of the force of impact received by the head is conveyed to the soft tissue structures of the neck, or how much is dissipated by the neck muscles and transmitted to the bony structures and joints of the cervical spine. Another factor which correlates with increasing angular and linear acceleration is the mass ratio of the ball to a player's head (Queen et al., 2003) . We may conclude that women and especially children are exposed to greater risks of injury in heading. Babbs By means of neuropsychological tests they arrived at conclusion that heading does not have any influence on worsening these functions. These result, however, differ from neuropsychicologocal literature which states that repeated minor head injuries results in structural damage, tracable in neuropsychic tests (Elson & Ward 1994; Goodman, 1994) .
In our opinion the existing findings concerning the health issues of heading in children and youths are insufficient. On that account we wish to contribute to deeper knowledge of these findings. With accelerometry we aim to establish kinetic parameters of an impact of a ball on a head to find out more about the risks to developing organism of children.
MATERIAL AND METHODS

Participants
The research sample consisted of 16 youth footballers (U 11) aged ten on average. The average weight was 36.2 ± 4.7 kg. These boys practice twice a week for three hours. The tested persons have been practicing for three years on average.
Measures
We constructed a triaxial accelerometer and gyroscope ( fig. 1 ) at the Faculty of Sport Studies for measurements. It is capable of collecting data at 1000 Hz and store it on mini SD card with measuring capacty of 70 hours. The range is ± 16g and it enables to measure rotation 2000°/sec per axis. The size of our accelerometer (60x38x16mm) along with its low weight does not restrict or bother sportsmen, nor children, during their performance and makes it ideal for measuring in real-life conditions while in training as well as in competitions. 
Procedures
The testing took place indoors during regular afternoon training session. A size 4, FIFA quality tested ball was used during the procedure. First the height of the tested person was measured and consequently the ball was dropped from the required height on the tested persons head. Each tested person executed headings of a ball dropped from 0.5 m (3.13 ms-1), 1 m (4.43 ms-1) and 1.5 m (5.43 ms-1) ie. 3 headings in total. The total number of attempts was 48.
Analysis
From the measurements taken we first evaluated the figures of maximum acceleration during the impact of the ball to the head. Consequently, the elapsed time of individual phases was measured. Given the data were normally distributed we used Pearson correlation coefficient to establish the relations between variables measured. To predict the acceleration we established regression lines in the graphs.
RESULTS
From the data measured we were mainly interested in values of horizontal acceleration of a head and time characteristics to which the function of this variable relates. Fig. 2 shows the typical value course of horizontal acceleration of the head during the impact of a ball with vertical velocity of 3.13 m·s-1 (green curve), 4.43 m·s-1 (blue curve) a 5.43 m·s-1 (red curve). From the whole course of the curve we focused mainly on the time sequence marked by two verticals in the graph. This is the instance when the forward motion of a head is slowed down by the impact of a ball. The figures of maximum horizontal acceleration measured are shown in the table 1. With increasing velocity of the ball hitting against the head the values of average acceleration increase correspondingly. The ball velocity 3.13 m·s-1 corresponds with average value of head acceleration a = -59.4±15.8 m·s-2, when minimum was -39.3 m·s-2, maximum -94.4 m·s-2, which corresponds with variance of dispersion R = 55.1 m·s-2. Ball velocity 4.43 m·s-1 corresponds with average acceleration a = -76.4±15 m·s-2, recorded minimum was -52.1 m·s-2, maximum -113.8 m·s-2, hence R = 61.7 m·s-2. For ball velocity 5.43 m·s-1 we measured a = -100.1±25 m·s-2, minimum -61.2 m·s-2, maximum 154.6 m·s-2, hence R = 93.4 m·s-2. Gradually, the average acceleration increased from 6g to 8g and consequently to 10g. We noted that variance of dispersion increases along with average value of acceleration.
In table 2 there are time characteristics of the impact phase. For individual ball velocities t1 equals gradually 3.9 ms, 5.1 ms a 4.7 ms, t2 equals gradually 3.4 ms, 3.5 ms a 3.8 ms. The results ( fig. 3 ) suggest that elapsed time t1 (blue) during which a head reaches from zero acceleration to maximum value of acceleration does not increase nor decrease related to the ball velocity ie. the height from which the ball was falling. The same applies to phase t2 (green) during which the maximum acceleration decreases back to zero value. The whole elapsed time t (red) in heading during which the head decelerates the forward motion was 7.4 ms, 8.6 ms and 8.4 ms for each of the individual impacts. For the least velocity the time elapsed was also the shortest, nevertheless, for the other two velocities the time of deceleration was nearly the same. ). As we expected, the differences in neck musculature in 10 year olds varies a lot as very different anthropometric characteristics and body postures, observed during the testing, suggest. Furthermore, the technique of heading, which is still undeveloped in young footballers, is also decisive factor (Babbs, 2001; Erkmen, 2009) . No statistical relation was established between acceleration and times t1 a t2 and t. On the other hand, the relation between maximum head accelerations between individual velocities of the ball. For relation between amax0.5 and amax1 the correlation coefficient r = 0.71 was established, for relation between amax1 and amax1.5 r = 0.51 a relation between amax0.5 and amax1.5 r = 0.54. The relations between these statistical significances suggests individual responses in particular players to standard, not straining velocities of a falling ball. This may be due to mastering the technique of heading, strengthening the neck musculature, experience, concentration or alertness.
CONCLUSIONS
The purpose of this study was firstly to confirm suitability of measuring acceleration with our constructed accelerometer. Given the acquired data are comparable with previously published figures, we consider this accelerometer suitable for further, more complex measurements in this area.
Secondly, we pursued to establish whether in footballers during rapid physical development substantial criteria typical for heading as this is one of the very common football features. It was not our aim to acquire maximum figures of the head acceleration. We rather aimed to learn about the gradually growing tendency of acceleration figures and how the elapsed time of these changes. The acquired acceleration values do not pose danger if individual, however, we came to conclusion that repeated impacts, especially those of higher speed, may lead to functional problems of a child's brain.
We also conclude it is chiefly the heading technique that has the greatest influence over the heading performance as the level varied among the persons within the sample group, along with development of neck musculature. From this point the sample group seems rather not homogeneous. To confirm this
